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Summary 

Tho  change  of  mechanical  and  structural  properties  of  13  kinds  of  anticorrosive 
steals  of  Cr-i'i-type  exposed  to  integral  dose  of  1,6.101;?  xi/cv?  (h  >  1  hoV)  was 
investigated.  The  dose  was  held  at  a  constant  value  and  the  chemical  composition 
varied  namely  in  the  Or  and  hi  content.  The  strengthening  was  observed,  i.e. 
yield  point,  strength  and  hardness  increased  and  plasticity  docroa«cd  at  the  same 
time.  Primary  the  rate  of  strengthening  is  independent  on  chemical  co:  position, 
namely  on  chrome  and  nickel  content,  however  is  depends  on  tho  physical  condition 
of  steel  before  tho  radiation.  <»s  far  as  the  alloying  elements  do  not  influence 
the  properties  in  initial  condition  of  steel,  they  exercise  no  infL.n.ca  also  on 
the  radiation  stability,  forro.  v.g.utic.  induction  measurement  indie  ,t»d  the  de¬ 
crease  of  corrosion  resistance  of  austenitic  stools,  by  radiation  to  bo  negligible . 
Transient  austenitic-ferritic  structure  steels  only  rf'ow  r.  0. •4 3 -0.7?,-  increase 
of  magnetic  rds.se  caused  by  decay. 

In  this  report  is  investigated  the  effect  of  chemical  composition  on  the 
reinforcement  of  stainless  steel  under  the  effect  of  neutron  radiation.  Given 


is  an  analysis  of  the  investigated  steel,  experimental  conditions  and  values  of 
measured  changes  are  compiled  in  table.  Relative  changes  in  slide  boundaries 
and  the  ratio  of  slide  boundaries  to  strength  boundary  are  expressed  by  graphic 
relations.  Investigated  are  factors,  which  have  a  primary  effect  on  radiation 
stability  and  on  corrosion  stability  by  the  effect  of  radiation. 
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Introduction 


Stainless  austenitic  type  steel  is  a  widely  used  structural  r.a trrial  in  the 
construction  of  nu’-lear  installations,  Their  selection  is  most,  fr  jcuontly  moti¬ 
vated  "by  the  corrosion  resistance  against  effective  media,  o.g.  primary  radius 
of  the  reactor,  or  against  decontaminating  droplets  v?ith  which  contact  is  ordin¬ 
arily  made  during  temporary  stoppaye  of  the  installation.  It  has  also  other  im¬ 
portant  qualities,  such  as  ductility,  which  is  retained  even  o'etror:  ily  lev 
temperatures.  That  is  why  its  rad  i  at  ion  stability,  resp.  the  efi  -as  03  nov.i-eo. 
radiation  on  the  changes  of  its  mechanical  properties,  is  a  constant  research 
subject  of  various  laboratories  [l,  2,  3,  5,  6,  ?,  8,  9]. 

Since  a  complex  solution  of  this  problem  is  very  c.hallenyiny,  a  majority 
of  hither  to.  conducted  investigations  is  limited  to  the  investigation  of  radia¬ 
tion  stability  of  steel  of  a  definite  type,  which  was  chosen  for  concrete  util¬ 
isation.  Ordinarily  the  unfamiliarity  of  the  radiation  effect  leads  to  the  use 
of  most  costly  steel  with  high  content  of  alloying  elements.  Its  doficiency- 
especially  in  our  measurements,  calls  for  a  reexamination  to  determine  to  what 
measure  high  alloying  is  justified.  This  was  the  motive  of  this  report,  which  is 
a  contribution  to  solving  this  problem. 

technique  of  Experimentation 

The  stability  of  13  kinds  of  steel  with  various  content  of  nickel  and  chrom¬ 
ium  as  basic  alloyin'-  components,  was  investigated.  A  listing  of  the  composition 
of  the  steel  together  with  a  control  analysis  are  given  in  table  1.  The  first 
four  kinds  of  stoel  are  of  standard  types  corresponding  to  trade  names  AICVIT, 

AKVS,  AXV  extra  and  AKV  extra  S.  Steels  5  through  8  were  prepared  intentionally 
and  have  at  a  roughly  constant  composition  of  chromium  graduated  nickel.  Steel 
9  through  13  are  auxiliary  variants  similar  already  to  ferrite-austenitic  steel 
(steel  ho.  13).  They  were  all  examined  in  axxstenitic  annealed  state. 
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Samples  v.'cro  exposed  to  radiation  in  the  WHS  reactor  whore  they  were  ox- 
posed  to  a  neutron  dosage  of  4.10  n/ cm  .  The  neutron  dosage  with  an  energy  A 
>  1  mev,  was  calculated  in  accordance  with  the  energy  spectrum,  corresponding 
to  1.6. 10*9  a/on^.  The  samples  were  irradiated  in  water-proof  aluminum  recept¬ 
acles.  It  was  assumed  that  the  heat  of  radiation  corresponds  to  the  temperature 
of  reactor  cooling  water,  i.e.  40°C.  To  fix  the  effect  of  self-heating  of  the 
sample  and  to  maintain  definite  temperatures  the  samples  we re  arranged  with 
spacings  in  the  interior  of  the  circumference  of  the  irradiation  receptacles  so, 
that  intensive  tapping  of  heat  could  ho  realised  (fig.  l). 


1.  Control  analyses  of  r.ain  clement  of  investigated  steel*) 


Steel 


Do. 


5 

G 

7 

8 
9 

10 

11 

12 

13 


Do  si  ;n"tion 

C'r 

1%) 
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'  X. 
1%) 

— 
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1%) 

i 

Mil 

1%) 

OX 
,  17241 

CSN 

18,54 

9,28 

0,08 

0.11 

1 7  24  C 
c>x 

13,27 

10,19 

0,15 

0,30 

17345 

CSN 

18,00 

10,35 

0,15 

0,30 

17317 

voh£ 

18,25 

10,53 

0,12 

0,59  i 

Vfriifc 

19,35 

11,27 

0.01 

0.52  1 

VI':  UZ 

yuna 

i'-IS 

.  10,71 

10.80 

0.(1  v 

0,50 

19,20 

8,11 

0,07 

0,13 

20,50 

0,37 

12,35 

0,00 

i  0,48 

K1S 

11,05 

0.02 

0.13 

FIS 

17,25 

'  10,85 

0,04 

0.13 

FIS 

15,28 

10,09 

0,05 

0.21 

FIS 

' 

11.90 

11,59 

•  9.02 

0,17 

11.27 

11,17 

1 

4 

0,03 

o.oo 

Si 

|  l%] 


0,70 

0.C9 

0,09 


0,58 
0,25 
0,28 
0.35 
0,25 
Htopy 
0.20 
0,28 
0,22  > 
0,18  i 


P 


0,015 

0,041 

0,030 


0,010; 

0,022 

0.01!) 

0.O17 

0,02.1* 

0.O12 

0.013 

0.011: 

0,012 

o,oir 


j  S 

I  (%) 


0,012 

0,038 

0.O32 


0,020 
0.013 
0.012 
o.oi  1 
0,022 
0.017 
0,010 
0,008 
0,007 
0,003 


*  Data  in  weight  /. 


strength,  notch  toughness  and  content  of  ferrite  originated  hy  the  transition  of 
y-*  in  the  process  of  irradiation.  Forms  and  dimensions  of  test  samples  are 
shown  in  fig.  2.  After  test  were  made  on  the  Chevenard  III  34  installations, ’ im¬ 
pact  tests  with  the  IHC  05  type  hammer.  Both  installations  were  adjusted  for  re¬ 
mote  control.  The  ferrite  content  was  determined  hy  magnetic  scales  of  our  own 
'construction  [ll]. 


I 


After  the  irradiation  were  determined  changes  in  hardness,  limits  of  sliding. 
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Pi".  1.  Distancing  of  samples  in 
radiation  receptacle.  * 

tion.  Table  4  also  contains  an  import 


I’leasuree  Values 

Changes  in  hardness,  slide  limit 
strength,  ductility  and  notch  toughne so 
are  evident  from  tables  2,  3,  4.  Por  total 
ductility  values  ^  5  table  4  shows  a  so 
called  ■uniform  ductility  £  ,  calculated 
from  the  elongation,  which  the  tost  rod 
has  shown  up  to  sudden  intensive  reduct¬ 
ion  in  cross  section.  Change  in  ductility 
is  better  characterised  by  this  value  than 
the  ductilities  expressed  by  total  elonga- 
ant  structure.!  value,  ratio  h  0.2  and 

<7  p“ 


percentage  changes  in  properties,  included  in  initial  state. 

Ileasurement  of  magnetic  phase  capacity  cC  showed,  that  irradiation  led 

O  n\  _ 

only  to  a  slight  change  in  ,  of  the  order  of  perhaps  10“  u  [ll].  Only 

in  cases  when  the  sample  showed  prior  to  irradiation  a  greater  ferromagnetic  in¬ 
duction,  originated  a  change  of  from  0,43  to  0.72 

I'agnetic  phase  Of  ,  which  originated  by  the  decomposition  of  "y  — ^  OC  during 
irradiation  could  not  be  reproduced  neither  by  the  optical  nor  by  the  electron 
microscope . 


Discussion  of  Results 

The  criterion  for  tho  radiation  stability  of  the  investigated  steel  samples 
can  be  a  certain  investigated  quality,  which  changes  under  radiation.  The  ac¬ 
ceptable  criteria  however  are  the  ones,  which  are  sensitive  to  radiation,  less 
fitted  are  qualities' with  lower  sensitivity,  e.g.  hardness,  and  in  the  least 
are  such  which  offer  great  discrepancies  during  the  measurement,  originating  al¬ 
ready  from  the  basis  of  the  method,  e.g.  notch  toughness.  Such  values  have  to  he 


evaluated 


statistically. 

To  sensitive  criteria  of  stool 
belongs  slide  limit.  Point  disruption 
in  crystallographic  lattice  -  causod 
by  radiation  -  lead  to  the  formation 
of  impoverished  zones  (depleted  zones), 
which  act  as  preventives  against  move¬ 
ments  of  dislocations  [4]. 


Table  2.  Results  of  hardness  tents  by 
Vickers  (lIV  30 ) 
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4 
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Pig.  2.  Porms  and 
samples,  a-)  tensi 
toughness  tests; 
and  phase  volume 


dimensions  of  test 
lo  tests;  0)  notes, 
c)  hardness  tests 


If  we  compare  the  changes  in  slide  (slip)  limits  with  chemical  composition 
of  tho  steel,  it  is  possible  to  better  evaluate  the  effect  of  individual  ele¬ 
ments  as  such: 

Steel  1  -and  2  show  after  exposure  almost  identical  changes.  A  similar  con¬ 
clusion  will  be  derived  by  comparing  steels  3  and  4.  In  both  instances  does  the 
steel  mutually  differ  in  small  admixture  of  Ti  as  carbide  stabilizer.  It  is 
"evident  that  Ti  as  an  admixture  element  is  in  no  way  suitable  in  reinforcing 
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able  3.  Results  of  notch 

n  k^cm/mn^ 

Steel  Nonirrad  iatod 
ITo «  state 


10,02;  10,08:  10.01: 
10.13;  9,80;  10,88 


5,77;  5,03:  5,80;  0,00; 
8,77:  8.18;  5,81 

5,88;  0,07;  5,00;  6,51; 
5,78;  5,88;  5.00 

0,13;  0,07;  0,70;  7,01; 
0,58;  0,21;  0,01;  0,32 

0,21;  7,32;  7,32;  7.00; 
7,0ti 

0,53;  8,47;  0,38;  8,18 


0,75;  8.03;  7,21;  7,17; 

0,12 

6,20;  5,75;  6,12;  5,80; 
0,23 

0,14;  8,34;  6,34;  6,52 
*)  — _ 

•> _ — _ 

*) _ — _ 

6,40;  5,35;  6,73;  0,07 


touyhnecs  tests 


State 


8,73;  7,00;  8,04;  8,04; 
7.00;  8,20;  8,10;  S,2U; 
7.00;  7,1)0;  8.04 

6,20;  5,20;  5,11;  6.11: 
5,07;  5,20;  5,4;  5,20;  5,30 

5,84;  5,7:  5.34:  5,48; 
5,48;  5,3;  5,0;  5,48;  5,12 

0,5;  5,0;  0,72;  0,5;  0,27 


0,0;  5,82  5, GO;  5,82; 

5,05 

5.SG;  5,15;  5,15;  5,33; 
5,21 

5.80;  5,15;  5,15;  5,33; 
5,21 

4,34;  4,03:  4,34;  4,50; 
4,86 

4,00;  5,03;  4,85;  4,09 
7.30;  7.10;  7,12;  7,0t 
8,04;  7.04;  7,07;  7.71 
7.73;  7,08 

4,01;  3.71;  3,05;  3,08 


*)  Samples  could  not  be  broken  v/ith  the 
aid  of  used  installation. 


process  during  exposure  to  radi¬ 
ation. 

The  effect  of  ”o  in  stools 
3  and  A  could  be  evaluated  part¬ 
ly  by  comparing  steel  1  and  3* 
partly  2  and  4.  Tho  small  dif¬ 
ferences  in  changes,  in  slide 
limit  and  in  strength  and  fin¬ 
ally  in  individual  pairs  of  op¬ 
posite  sense  indicates,  that  in 
reinforcing  .against  radiation 
not  even  molybdenum  is  of  any 
validity. 

The  effect  of  hi  can  be 
investigated  on  steels  p  to  8, 
v/here  at  approximately  19. 51'-'  Cr 
Hi  was  graduated  by  approximately 


Table  4.  Results  of  tensile  tests 
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4  4.0  :  0.070  47.# 
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+  0,6  |  *f  0,6 
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8,  9,  19  and  11'8  and  then  in  croups  9,  10  and  13,  where  at  l2';'o  Cr  Hi  was  gradu- 
ated  "by  perhaps  11,  13  and  15^.  In  first  "roup  the  increment  in  slide  limit  var¬ 
ies  within  limits  of,  50  to  58. 77^  of  initial  value  prior  to  irradiation.  Changes 
in  volume  of  o  ,7H  do  not  correspond  to  the  graduated  content  of  Hi,  Basic  differ¬ 
ences  in  slide  limit  and  in  strength  after  irradiation  appear  also  in  other 
groups,  Steel  Ho.  1*3  with  11^  Hi  is  beyond  basic  comparison  with  preceding  steels 
for  its  mined  ferritc-auntenitic  structure,  which  leads  at  the  application  of 
boat  treatment  to  extremely  high  values  already  in  initial  state  prior  to  irradi¬ 
ation.  Basic  increase  in  slide  limit  of  steel  Ho.  12  a.s  compared  with  steel  Ho  9 
(l4‘  -)  corresponds  to  an  Hi  increase  of  2.25' j.  Cut  off  steel  according  to  the  in¬ 
creasing  content  of  Hi  gives  a  roughly  rising  increase  in  slide  limit  and  strength 
after  irradiation.  Phis  would  indicate  that  nichol  is  suitable  for  radiation  re¬ 
inforcement.  Purthor  conclusions  do  indicate,  that  the  effect  of  Hi  last  until 
it  affects  the  slide  limit  of  initial  state  of  the  steel. 


•s  so\ 

£  i 
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Pig.  3.  magnitude  of  percent  a.  -e  changes  Pig.  4.  ’Magnitude  of  percentage  changes 

in  slide  limit  after  irradiation  in  do-  in  •ratio  bet’.. eon  si;  le  In  it  nd  strength 

pendonce  upon  initial  state  of  the  steel,  after  exposure  in  dependence,  upon  in- 

a)  increase  ^  . after  exposure  it  ini  state,  a  h,  b  as  in  fig,  3. 

b)  before  exposure. 

Chromium  in  the  investigated  series  of  steel  was  contained  in  quite  bread 
degree  namely,  about  11,  15,  17,  13,  19  and  20g.  Por  the  great  variability  of 


•  4  43  • 


■the  latter  admixtures,  particular! 
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It  will  be  therefore  no  surprise  if  there  are  considerable  differences  in  pro¬ 
perty  changes  and  a  nonsyst omat i srn  in  these  changes  with  respect  to  the  Cr  con¬ 
tent,  which  v.'ill  not  allow  to  make  a  conclusion. 

Let  us  take  a  look  to  tho  extreme  changes  in  slide  limit  shorn  in  tabic  4, 
indicating  that  to  the  extraordinarily  high  increase  (98. 2' ')  cane  also  in  caso 
of  steel  11  with  very  low  slide  limit  (22,2  kg/mm^ )  before  ir  .’fv  on ,  On  tho 
other  hand  a  lessor  increase  (9.6^)  v/as  found  in  steel  13  with  much  higher  slide 
limit  before  irradiation.  By  measuring  the  percentage  changes  in  slide  limit 
after  exposure,  in  dependence  upon  the  slide  limit  value  before  exposure,  we  de¬ 
rive  a  polytropic  dependence,  which  is  evident  from  diagram  f ip .  3. 

A  similar  nature  is  displayed  by  tho  dependence  of  increment  in  ratio  of 
slide  limit  and  strength  limit  after  irradiation  and  the  absolute  value  of  this 
ratio  before  irradiation,  as  is  indicated  by  diagram  in  fig.  4. 

Both  ratios  indicate,  that  tho  reinforcement  is  relatively  faster  in  stools 
of  lower  strength  and  that  the  relative  increases  in  reinforcement  depend  first 
of  all  on  tho  condition  before  irradiation.  The  dependence  on  chemical  composi¬ 
tion  is  secondary.  Single  elements  affect  radiation  stability  in  same  measure 
and  in  same  sense  as  is  the  effect  of  the  initial  state  of  the  steel. 

Absolute  chan pen  in  reinforcement  are  well  characterised  by  stress  and 
elongation  diagrams.  Pig.  5.  contains  diagrams  of  3  typical  variants,  with  low¬ 
est  (steel  12),  medium  (steel  4)  and  maximum  (steel  l)  strength.  The  diagrams 
indicate,  that  magnitude  of  absolute  reinforcement  will  be  in  all  steels  perhaps 
the  same  and  wall  correspond  to  the  constant  dosage  of  neutrons.  At  the  same 
time  there  is  a  loss  in  plastic  properties,  which  is  manifested  by  a  substantial 
reduction  in  elongation. 

As  already  stated,  a  majority  of  quoted  literature  reports  intended  to 


It  is  necessary  to  make  allowances  for  that  the  ratio  of  slide  limit  and  strength 
in  such  steel  is  already  prior  to  exposure  close  to  unity. 

The  problem  of  alloying  will  then  lie  mostly  in  the  corrosion  stability  de¬ 
pendence  of  the  steel,  respectively  in  the  technological  condition,  Abasuremont 
of  ferromagnetic  induction  showed,  that  a  reduction  in  radiation  corrosion  re¬ 
sistance  is  insignificant  in  austenitic  steels.  Only  steel  with  transient  aus¬ 
tenitic-ferritic  structure  shows  a  rise  in  magnetic  phase  by  fro r  '‘',13  to  0.72f£, 
which  originated  by  decomposition  of  y  aC  • 
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